Introduction
It is hard to overestimate the importance of topology, loosely defined, to the development of social studies of technology in recent decades. Topological ideas have been a significant source of inspiration for several different approaches, and can be recognized in the idea of the inter-relatedness of technology and society.
These approaches have done much to help dismantle the idea that technology and society occupy different domains. Thus, now classic contributions to the social studies of technology have proposed the concept of a hybrid network, or heterogeneous ÔassemblageÕ, which is variously composed of social, technical and natural entities, as our best chance at understanding the role of technology in social life (Callon, Law and Rip, 1986; Latour, 1988; Haraway, 1994) . These studies reference uses of topology in the sciences, from mathematics to theoretical physics, in particular the analytic category of Ôentities-in-relationÕ, proposing that social studies of technology should follow these other fields: they too should adopt this topological notion as their primary category of analysis.
But something seems to have changed, which requires us to re-consider the use of this central concept in the social analysis of technology. Over the last ten years or so, the use of topological ideas to conceive of technology in relational terms has become increasingly widespread. These ideas can be recognized in the proliferation of network visualisations, in digital networked media, and the invocation of the concepts of complexity in a broad array of settings (see on this point also Boltanksi and Chiapello, 2005) . Today, then, it is not just social students of technology who deploy topological ideas in order to render technology analysable, but a whole range of social agents. This entails a change of status of topology in the social analysis of technology. In the social studies of technology, topology has been mostly understood as a theoretical construct, as a conceptual language that can help social theory to render explicit the structure of socio-technical phenomena. However, at the current juncture, topology must also be understood as a device, as a way of structuring phenomena in practice, which is enabled (and disabled) by particular technologies. We must, then, attend more closely to how a topological imagination is enabled by specific material apparatuses deployed across social life.
Crucially, to approach topology as an imaginary means to adopt a fairly minimal definition of it in a mathematical sense, as the important question becomes that of how a topological imagination of technology and society arises and takes form in material practice. The issue becomes that of the empirical specification of a topological imaginary of technology and society; to consider that it may be deployed in a range of different ways. One of the striking facts about the recent spread of topological approaches to technology and society, I argue, is how often it does not translate into the kinds of insights for which sociologists of technology have appreciated these approaches in the past. In the social studies of technology, topological ideas were principally taken up in order to challenge a particular dominant ideal concerning the role of technology in society, which we can call the Òprimacy of technologyÓ. However, while topology is today frequently used to analyse and organise technology in social terms, this often leaves undisturbed the understanding of technology as the principal ÔdriverÕ of social change.
In this context, it becomes especially important for social analysts to distinguish between seemingly similar ways of using topological approaches in the social analysis and organisation of technology. Rather than dramatizing the opposition between pre-topological and topological understandings of society and technology -and making the case for the latter over against the former -we must attend to more subtle differences between a range of topological analyses of this relation, in particular between those that do and those that do not problematize the primacy of technology. We must distinguish between ÔweakÕ and ÔstrongÕ versions of the topologization of technology and society, and become more demanding of how topology is deployed in practice.
To this end, I will here turn to an empirical field in which topology has been deployed with special intensity in recent years, that of smart meter technology. This technology has captured the imagination of engineers, designers, sociologists, policy makers, and advertisers alike, and, as such, it has enabled a variety of different topological analyses of technology and society in a range of fields, with a range of different implications for our understanding of the relation between the social and the technical. As such, it provides a useful object for demonstrating the differences between a limited and a more radical topologization of the social and the technical. To clarify this difference, I will turn to the phenomenon of the ÒissueficationÓ of smart meters. But let us begin by considering the use of topology as a device.
Expanding the frame? The neat complexities of smart electricity meters
Energy technology is certainly not the only site, but it is an especially prominent one in which topological ideas are being invoked in order to envision relations between social and technological change. Devices from wind turbines to solar panels are today granted special significance as examples of how we could ÔmanageÕ in a turbulent world; they have become powerful instances of the project to bring social, technological and environmental change into alignment with one another. Importantly, digital technology tends to figure in a privileged role, as what enables this convergence of different forms of change. Here is a rather enchanted version of this general idea as it figures in a recent IBM advertisement: Fortunately our energy can be made smart. It can be managed like the global complex system that it is. We can now instrument everything from the meter in the home to the turbines in the plants to the network itself. [É] All of this instrumentation generates new data, which advanced analytics can turn into insight, so that better decisions can be made in real time. Decisions by individuals and business on how they can consume more efficiently. Decisions by utility companies on how they can better manage delivery and balance loads. Decisions by governments and societies on how to preserve the environment.
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Advertisements like these make various connections between technology, society, and nature by evoking a classic trope drawn from cybernetics, that of the complex system (Nye, 1999; De Landa, 1991; Edwards, 2000) . In referring to Ôcomplex systems,Õ such publicity material invokes a Ôtopological imaginaryÕ: it highlights a) the dynamic nature of technical and social arrangements and b) the interrelatedness of different levels or orders, in this case technology, society and the environment.
In invoking such ideas, promotional accounts of technology call to mind classic ideas from the sociology of technology. Sociologists have long insisted on the entanglement of technology and society, with some arguing that if we want to properly appreciate their mutual imbrication, we must adopt a Ôdynamic ontologyÕ or indeed, a Ôtopological imagination.Õ This argument is generally associated with social studies of technology of recent decades, but it is worth pointing out that classic social theorists, too, deployed proto-topological ideas in order to dissolve the separation between the technical and the social. Thus, the post-pragmatist social theorist Alfred Schutz proposed that social reality in technological societies is organised through changing ÔtopographiesÕ of relevance (Schutz, 1964 ; see also Schutz, 1970) . In his account, everyday subjects and experts do not inhabit different orders of social and technical knowledge, but each access different ÔregionsÕ of social and technical knowledge depending on their tasks at hand, and these regions themselves are constantly changing as an consequence of the emergence of new technologies and forms of expertise.
In the 1980s and 1990s, sociologists of technology began importing topological ideas into their field. Authors associated with actor-network theory (ANT), such as Latour (1993) Callon (1986) , and Mol and Law (1994) , and feminist scholars of technology like Haraway (1994) and Suchman (2005) (Haraway, 1994 ; see also Leigh Star, 1991) .
In developing these perspectives, these social analysts of technology drew inspiration from early 20 th century physics, and relativity theory in particular, where topological ideas had found an influential application, as in the idea that Ôobjects-in-relationÕ generate their own space-times (Latour, 1988; Callon et al, 1986 In positing the heterogeneous or Ôsocio-technicalÕ network as the primary category of analysis, each configuration of elements could now be said to generate its own distinct space-time, with its particular scales, extension and rhythm, emerging from the changing relations among a diverse set of entities (Latour, 1993; Michael, 2000; Mol and Law, 1994) . This conceptual move did not only dissolve the issue of the analytic priority of the social or the technical, it also directed attention away from the relation between technology and society, and towards dynamics that are internal to socio-technical formations.
The adoption of a topological imaginary is thus crucial to understanding both the conceptual interventions and normative commitments of the social studies of technology, and especially actor-network theory. But at the same time, these interventions and commitments cannot be understood as the results, in and of themselves, of a topological imagination. This is becoming clear today, as a whole range of actors invoke topological ideas in order to analyse technology in social terms, but do not share the commitments of ANT and feminist STS.
Arguably, then, a topological understanding of technology and society is today no longer purely an issue of sociological theory: the propagation of such an imaginary now presents a much more widely shared societal project, and indeed an operation enabled by technology itself.
A recent lead article in a popular science and technology magazine called SEED, on Ôhow social science can help solve climate changeÕ, provides a case in point. The piece begins by acknowledging the complexity of the social, stating that
Òhuman beingsÕ decision-making processes are probably as complicated as the climate system itselfÓ, proposing that the contribution of social science is critical to Òsolving the environmental crisis.Ó 2 In envisioning a future role for a social science of complexity, technology is singled out as crucial. According to this article (and many others) the new social science of complexity will prove its worth by informing the design of environmental awareness technologies and Òother devices to help funnel us into more pro-environmental behaviour.Ó In this respect, it may be useful or even necessary for us, who are involved the social analysis of technology today, to approach the topological imagination of technology and society not as a theoretical construct, but as a device.
Figure 1: The Energy Detective
As is clear from the above, in the social studies of technology topology has been used to make a highly abstract intervention in social theory, as it provided inspiration for an alternative conception of the relation between society and technology. But a topological imaginary is today deployed in a much more concrete way to conceive of technology in social terms. In the current context, digital devices themselves invoke topological ideas in order to bring the social and the technological together. To elaborate this point through another example, the Energy Detective is a Web-based application designed to showcase the opportunities opened up by smart electricity meters for generating, visualising and analysing energy data. Drawing on a feed from a smart meter, this device plots energy use along a temporal axis.
renders social life more complex and expands the times and spaces in which social life unfolds. To deal with this situation everyday subjects must learn how to Ôreduce, as much as possible, the zone of the irrelevantÕ (Schutz, 1964) .
One could then say that digital energy technologies are currently being configured as devices of frame expansion. In some ways, though only in some, operates through a maximization of the entities to be taken into consideration in the expansive present of social action: species, communities, lifestyles, and so on.
Nevertheless while current imaginations of everyday energy technology bear some similarities to sociological ideas about the mutual imbrication of the social and the technical, we should also note the ways in which they do not, in fact, Ôexpand the frameÕ on technology at all. Smart energy meters may be presented, in advertising and other publicity materials, as means to broaden the range of entities considered relevant to energy use, but they do so in ways that are very limited.
It has been observed that the spread of ideas of from cybernetics throughout societal discourses, in the 1990s and 2000s, has resulted in their weakening (Boltanksi and Chiapello, 2005; Brown, 2004) . We can observe this in relation to the devices that Ôexpand the frameÕ on energy use, on at least two specific points. Firstly, while these devices invoke topological ideas to approximate the social and the technical, they tend not to conceive of the social in topological terms. An especially clear instance of this asymmetry can be found
in Teatime Britain, a BBC-commissioned video that places us in the control room of the manager of the British Grid, at the end of Coronation Street. The end of this popular TV soap is followed by a surge in kettle-boiling across Britain, requiring the manager to make an intervention, and to bring online a French hydraulic dam at the last minute. On the one hand, such a vignette renders energy as a dynamic socio-technical process Ð as unfolding in a space-time of flexibility, liveness, and responsiveness. On the other hand, the social here figures as a scale-able national phenomenon (households in front of their TVs) that is neatly reducible to the technical (surge).
As in the IBM ad above, society is here defined in solidly scalar terms, a tiered system with individual consumers at one end and the national system at the other. This imagination of society is distinctly un-topological: a key feature of the topological conception of society in the sociology of technology has precisely been the idea that social arrangements do not fit the classic scalar space, which is associated with Euclidean geometry. That is, in a topological society, the nation is not necessarily bigger or stronger than, say, an electricity meter, and the domestic is not necessarily situated at a lower level than a map of the world. By contrast, devices like the Energy Detective continue to define the social in scalar terms.
While it evokes a hybrid ontology involving both teenagers and toasters, the entities it posits all fit neatly into the envelope of Ôdomestic life.Õ The device, then, In this respect, one could say that the devices of frame expansion discussed so far deviate from the concept of frame expansion insofar as they still contribute to a Ôseeing doubleÕ. On the one hand, these devices render everyday practices in topological terms, as they highlight the on-going reconfiguration of Ôheterogeneous assemblagesÕ involving toasters and teenagers. On the other hand, these devices do not extend the topological imagination to social entities themselves, which continue to be framed in scalar terms, and neither do they apply it to the relation between technological and social change, which continues to be defined as a causal one, however minimally speaking. These devices, one could say, welcome complexity within the frame of technological systems, but not as a complication of the frame, as the Ôroll-outÕ of a technological system remains the critical operator of social change.
One response to this situation is to insist on the radical nature of topological 
Mapping controversies: smart meters as problematic objects
In order to challenge the ÔweakÕ use of topology described above, in which complexity is only welcomed within the technological frame, we could start by recognising that digital energy technologies are also objects of frame expansion.
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That is to say, digital energy technologies do not only count as devices for expanding the frame on energy practices, they also figure as objects of such operations, insofar as they have become the object of public controversy. Devices like smart electricity meters, in recent years, have become the focus of a whole array of advocacy, research, and lobbying activities, in industrial, policy, scientific, non-governmental and creative circles (Darby, 2010; see also Michael and Gaver, 2009 ). These activities, too, can be said to involve attempts to Ôexpand the frameÕ on technology: scientific and political engagements with electricity metering, too, aim to broaden the range of entities to be taken into account in relation to energy: they seek to demonstrate the relevance of concerns ranging from fuel poverty to the presence of graphic displays on domestic meters (Preston and White, 2010) .
Work in actor-network theory has long argued that, from a topological perspective on technology, controversies about technology are especially important. This work has proposed that controversies make possible frame expansions on technology too, not unlike those advocated by sociologists themselves. 5 Controversy, it is argued, offers an occasion on which it is possible to establish the relevance of many more entities in relation to a particular technology than is otherwise possible (Latour, 2001; Barry, 2002; Callon et al, 2001; Fraser, 2007 ; see also Marres, 2007) . 6 That is, when technologies become issues, where be both the subject and object of reflection all at once, and the idea can perhaps be applied to technology as well. . 5 Of course, controversies about science and technology have long been recognized as a useful site for complicating prevalent understandings of the relations between the social and the technical (Bloor, 1982; Latour, 1987; Collins & Pinch, 1998) . In these events, public definitions of technology become destabilized, and this makes it much less likely to be cast in the role of the Ôindependent variable,Õ discussed above.
matters of fact are transformed into matters of concern, the number of concerns that must be taken into account are radically broadened. And such an understanding of public controversy entails a topological imagination of society and technology in at least two ways. Firstly, a focus on the transformation of objects into issues entails a dynamic understanding of objects, suggesting that things may enter into quite radically different states when they become subject to controversy, or processes of ÔissueficationÕ (Marres and Rogers, 2005) . Secondly, such an approach highlights the interrelatedness of different orders: where objects turn into issues, scientific, moral and social concerns turn out to be intimately related and entangled (Latour, 2001) . Public controversies thus evince a dynamic of Ôframe expansionÕ too.iWhen we consider how public controversies unfold on digital platforms, we get into view a particular version of this topological dynamic, one that may offer a stronger alternative to the ÔweakÕ topologies discussed above.
Before elaborating this point, however, I want to establish the difference between topological and ÔEuclideanÕ understandings of public controversy, and the spaces and times in which they unfold, so as to clarify what is at stake in the adoption of a topological approach. A Euclidean perspective on controversy can be recognized in accounts that model controversy on Ôpublic debateÕ. Such accounts tend to project an abstract debate space onto the issue under consideration, and then seek to position different actors in this space, to indicate their various perspectives or ÔviewpointsÕ on the issue (Mol, 2002) . Such an imagination of public controversy assumes that the space of controversy is analytically distinct from the controversy itself. One could say that a Euclidian imagination of controversy lifts social actors into an ideal space of public debate, in which actors are expected to settle into a single position that is true to their viewpoint, but this position-taking is not assumed to affect the shape of the space of debate itself. To give an empirical example, traces of such an approach can be recognized in an account of previous controversies about smart electricity meters in the 1990s by Marvin et al (1999) :
A context needs to be created in which utilities, manufacturers and communications companies can be supplemented with the missing voices of regulators and user groups, such as environmental and community organisations.
In accounts like this, the principal aim of controversy is the establishment of a This becomes clear if we consider the use of digital tools for the analysis and visualisation of public controversy. Online applications for data analysis and visualisation, that is, enable dynamic, and arguably ÔtopologicalÕ renderings of controversy (November and Latour, 2010; Scharnhorst and Wouters, 2006 (Callon et al, 1983; Leydersdorff, 1996) . In order to map the Ôframe expansionsÕ on technology occurring in controversies, they produced visualisations of the unfolding relations between heterogeneous actors and terms caught up in public controversy. Today the proliferation of digital technologies means that similar methods are deployed much more widely to analyse and visualise issues in digital networked media (Rogers and Marres, 2000) . Indeed, network and textual analysis tools are now routinely deployed in digital culture, in the form of search engines that rely on hyperlink analysis to capture evolving relevance relations (Google), and of blogs that use clouding software to disclose Ôdynamic contentÕ (Worldle) (Van Couvering, 2007; Rogers, 2009 , see also Marres, 2012 clarifying complex processes of issue formation (Latour, 2008; Rogers and Marres, 2002) . But there is also another way of reading the issue cloud, one that plays up the difference that a topological rendering of controversy can make to our conception of controversy. As the Figure provides indications of the scope of terms that are currently active in the controversy on smart electricity meters, it can be taken as disclosing the Òstate of issueficationÓ of the object called smart meter.
Here controversy involves not so much actors taking positions, but a process of the problematization of objects, by which they become charged with various social, economic, political problematics or issues.
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An analysis of public controversy as a process of ÔissueficationÕ can be distinguished from the other perspectives on public controversies about technology outlined above, and has implications for how we define Ôexpansions of the frameÕ on technology. Firstly, online issue mapping can be distinguished from approaches that define controversy in terms of public debate. Deploying a digital research tool like the Googlescraper, controversy analysis is not so much a matter of determining once and for all the positions of actors and their inclusion in, or exclusion from, debate spaces. Rather, it becomes a way of finding out about the dynamic composition of objects in terms of issues or actors in information spaces that are always in flux. Which is to say, to analyse processes of issuefication with the aid of digital devices is to adopt an explicitly topological approach to public controversy.
Just as in the case of the framing of smart meters as Ôsocial technologiesÕ discussed in section 2, a focus on public debate typically involves a form of Ôseeing doubleÕ, but from the opposite direction: here, the social, cultural and political processes of framing technology are affirmed, but the role of technology in organising such processes of frame expansion is not really considered. That is, while such approaches recognize that technology may serve as an object of frame expansion, they do not acknowledge the role of technology as a device of frame expansion. As the abstract form of public debate is projected onto a given issue
area, it becomes difficult to appreciate how spaces of issues are themselves 
Expanding the frame on socio-technical change
In the above analysis of an object controversy, using a topological device does not only help us to appreciate the entanglement of the social and the technical in said object, but also brings into view the empirical unfolding of the object qua issue. In the first case, a topological analysis of society and technology provides a way of recognizing the mutual imbrication of technology and society, but it does not affect assumptions about the primacy of technological over social change, or challenge the view that the former can stand in for the latter. In the second case, a topological analysis does translate into an different imagination of the relations between technological and social change: topological analysis here brings into view the proliferation of contending articulations of techno-social change, and, thus, a situation in which different forms and types of change are made visible although they cannot be assumed to be neatly aligned. As frames are expanded on technology, and more and more entities prove to be implicated, socio-technical dynamics turn out to be much less coherent than expected.
In a situation in which topological devices are widely deployed to analyse and organise technology, linear, causal understandings of technology and society should perhaps cease to be the main focus of critique. Controversy analysis may point a way forward in this respect, in that it offers a way of performing critique by empirical means. Mapping controversies brings into view social processes of the problematization of technology, and as such, it depicts technology in a Ôcritical state,Õ so to speak. However, crucial to the topological rendering of controversy, is that ÔproblematizationÕ here takes the form of an empirical unfolding: problem-spaces and Ð times, it here become clear, are organised through empirically traceable key-words, hyperlinks and so on. 16 For this reason, mapping controversies may be said to offer a way of being critical that does not require a transcendentalizing move. , To develop such empirical forms of critique requires more serious work and reflection on the tools and methods of topological analysis, and in particular, on the kinds of ontologies that get built into the software applications on which we rely. Here I have only flagged the broad difference between an ontology that focuses on the inclusion of heterogeneous entities, versus an ontology which foregrounds processes of issuefication. .
Finally, there is an important question of the imagination that needs addressing, which is the question of whether and how a normative social science can handle the relative non-coherence of dynamic objects (Law, 2004) . A demanding or critical mode of analysis has long been associated with paranoia, that is, with the risk of assuming coherence where there is none (Dean, 2000) . The question raised here is whether social science can handle a risk of almost the opposite kind: is it possible to recognize the relative non-coherence of societal and technological processes, and still be demanding of them? We may reject easy assumptions of the alignment of social and technological change, but are we really capable of acknowledging the mis-alignment of different forms of change, and still formulate intelligent demands for change? The question seems especially urgent in the context of proliferating digital technologies, in which the complexity
